We investigate the late Quaternary history of slip on the Kamena Vourla and Arkitsa normal faults, which are segments of a fault system bounding the south coast of the Gulf of Evia in central Greece, and which we refer to as the Coastal Fault System. We examine two river terraces, near the village of Molos, which are found within the uplifted footwall of the Kamena Vourla fault. The upper terrace is ~20 m above the present river level and appears to represent fan deposition into the main river channel from surrounding tributaries. The lower terrace, ~8 m above the present-day river bed, represents an interval of river-bed aggradation and correlates with the surface of a delta on the hanging-wall side of the fault. GPS profi les show a 6 ± 0.1 m vertical offset of the lower terrace surface as it crosses the fault. Preliminary dating of the two terrace levels, using both optical luminescence and radiocarbon methods, provides inconclusive results. The lower terrace, however, grades toward the present-day sea level and correlates with the surface of a delta on the hanging-wall side of the fault; it is, therefore, likely to date from ~6 ka, when sea level stabilized at its present-day highstand. With an age of ~6 ka, the 6 m vertical displacement of the lower terrace yields an estimate of ~1.2-2.0 mm/yr for the Holocene rate of slip across the Kamena Vourla fault. This rate of slip is comparable with an estimated rate of ~0.7-2.0 mm/yr for the central (Arkitsa) segment of the Coastal Fault System, and with a 0.4-1.6 mm/yr slip rate measured on the easternmost (Atalanti) segment. These estimates of Holocene slip rates are consistent with the 1-3 mm/yr of present-day extension across the Gulf of Evia measured by GPS, arguing against large changes in rate of extension through the Holocene. Both the Arkitsa and Kamena Vourla faults are clearly active and despite an absence of historical earthquakes on either fault, they should be considered to be a major hazard to local populations. However, further dating studies and palaeoseismic investigations are required before the slip rate and history can be fully quantifi ed.
INTRODUCTION
Published estimates of slip rate on faults in central Greece are rare, but are important both for understanding the active tectonics of the region and for quantifying seismic hazard in this region, where population centers are concentrated in the hanging walls of the normal faults. We present a quantitative estimate of slip rate across the system of faults that bounds the southern coast of the Gulf of Evia (Fig. 1 ). This Coastal Fault System, comprising the Lamia, Kamena Vourla, Arkitsa, and Atalanti fault segments, is likely to accommodate the major proportion of the <3 mm/yr of geodetically measured extension across the region (see section Active Faulting in the Locris Half-graben) and therefore poses a serious hazard to local populations. There is no record of recent or historical destructive earthquakes on the Lamia, Kamena Vourla, and Arkitsa faults, and there are no quantitative estimates of their average slip rates, so the interval between earthquakes is unknown. The lack of constraint on the fault slip rates is due, at least in part, to the scarcity of suitable measurement sites within the steep, mountainous topography.
Active normal faulting in Greece has a clear geomorphic expression. The uplifted footwalls are frequently composed of resistant limestone, and large sedimentary basins form in the hanging walls (e.g., Jackson, 1994; Goldsworthy and Jackson, 2000) . The two most prominent geomorphic expressions of this faulting are the Gulfs of Evia and Corinth, each of which is bounded by footwalls of order 1 km in height ( Fig. 1) . GPS measurements show that the Gulf of Corinth (e.g., Fig. 1 inset) is currently extending at a rate of ~12 mm/yr at its western end, and 6 mm/yr in the east (Clarke et al., 1998; Avallone et al., 2004) , and a variety of estimates of Quaternary and Holocene slip rates on the bounding faults are consistent with these rates (e.g., Armijo et al., 1996; Leeder et al., 2003; Pirazzoli et al., 2004; Bell et al., 2008 ). In contrast, the geomorphically similar Gulf of Evia is, according to geodetic measurements, extending at a rate of only 1-3 mm/yr; that is up to 10 times slower than the Gulf of Corinth (Clarke et al., 1998) , raising the question of whether there may be a discrepancy between geodetic and geological measurements of slip rate here.
ACTIVE FAULTING IN THE LOCRIS HALF-GRABEN
The Northern Gulf of Evia is bounded to its south by three north-dipping, and segmented, fault systems (named the Coastal, Kallidromon, and Parnassos fault systems, Fig. 1 ) that form a series of half-graben, collectively known as the Locris half-graben. The Kamena Vourla fault, which is the principal focus of our study, is the central segment of the Coastal Fault System. Several exposures of late Quaternary fault scarps in limestone are observed along the Coastal Fault System (e.g., Jackson and McKenzie, 1999) . Jackson (1999) uses the geomorphology of the region to suggest that the Coastal Fault System is both the most active, and also the youngest, of the three fault systems in the Locris half-graben.
The only recorded large earthquakes in the entire Locris region during the past ~300 yr are two earthquakes in 1894 that ruptured the Atalanti fault (Figs. 1A and 1B; Ambraseys and Jackson, 1990; Cundy et al., 2000; Pantosti et al., 2001 Pantosti et al., , 2004 Ganas et al., 2006) . The larger of these two earthquakes had a magnitude of ~6.8 (Pantosti et al., 2001) . The occurrence of these two earthquakes on the Atalanti fault raises the question of what is the probable earthquake repetition time of other nearby faults, including the Kamena Vourla and Lamia faults, which lie close to large towns (Fig. 1) . The Atalanti lies along strike from the Kallidromon fault ( Fig. 1) , which lies inland from, and is subparallel to, the Coastal Fault System. Jackson (1999) argues from the geomorphology that the Kallidromon fault is less active than the Coastal Fault System, but if-as suggested by its close spatial association with the Atalanti fault-it retains some level of activity at the present day, the slip rates on the coastal system will be lower than on the Atalanti fault. It has been argued, however, that Atalandi is actually a segment of the Coastal Fault System that has stepped to the south, in which case the slip rate on the Kallidromon fault could be negligible, and the slip rate on the Kamena Vourla and Lamia faults could be comparable to that on the Atalanti fault.
SLIP RATE ON THE KAMENA VOURLA FAULT
River terraces are commonly used to calculate the late Quaternary and Holocene slip rates on fault systems because they allow measurement of the displacement of the terrace surface as well as providing material that is useful for determining the age of the surface (e.g., Lavé and Avouac, 2000) . We describe two fl uvial terraces of a small, unnamed, river near the village of Molos (Fig. 1B) ; the lower of which is displaced as it crosses the Kamena Vourla normal fault.
The Fluvial Terraces at Molos
A prominent terrace level ~20 m above the present-day bed of the river was fi rst reported by Jackson (1999) , who noted that the terrace has a similar gradient to the present-day river, and hence speculatively assigned an age of ~125 ka, based on an assumption that it formed during the last inter-glacial when sea level was similar to today. We visited Molos in September 2006 to survey the river terraces and to obtain samples for dating their depositional history. The geology of the catchment area is predominantly Mesozoic limestone, with relatively minor outcrops of mafi c ophiolitic rocks and deep sea cherts. Aeolian deposits derived from the Saharan region are a widespread feature of the Quaternary deposition in Greece and constitute a source of fi ne-grained quartz (e.g., Goudie and Middleton, 2001) . The mineralogy of the terrace fi ll refl ects the local geology, being predominantly carbonate.
Two separate terrace levels were found. The two terraces were mapped in the fi eld and remotely using stereo aerial photographs (Fig. 2) . The terraces are paired and contain several meters of sedimentary deposits (e.g., Fig. 3 ). Precise heights were measured with differential GPS in profi les along several of the terrace remnants. The locations of GPS survey points are marked as red lines on Figure 2 . Recorded heights (Fig. 4) clearly show the high and low levels of terrace on the southern side of the fault. The two terraces are, on average, ~20 m and ~8 m above the present-day riverbed.
The ~20 m terrace level consists of a series of steep cones originating from short tributary valleys of the main river channel. The terrace deposits consist of interbedded fl uvial gravels and laterally continuous silt bodies. The deposition of these thick fans may have caused blockages of the main channel and ponding of the river resulting in deposition of the fi ne-grained, and occasionally laminated, layers from which radiocarbon and Optically Stimulated Luminescence (OSL) samples were taken (see later). Freshwater gastropods Viviparidae and Condrinidae were found within the high terrace fi ll. The sediment fans were subsequently incised during a period of river downcutting that appears to have continued, intermittently, to the present day.
A second prominent terrace, which probably represents a period of channel aggradation and lateral cutting, is preserved at a height of ~8 m above the present-day river level (Figs. 3A and 4) . This lower terrace also contains freshwater gastropods (Discidae and Hygromidae) as well as rare charcoal and bone fragments. The terrace has been heavily modifi ed by farming and construction close to where it crosses the fault (Fig. 4B ). We were, therefore, unable to produce an uninterrupted GPS profi le across the fault. We were, however, able to produce profi les along the low terrace on the southern, upthrown, side of the fault and along the surface of a single prominent terrace level, ~4 m above the present river level on the northern, downthrown side of the fault (Fig. 4B) . A westward-fl owing tributary stream has cut a small channel into the surface of the low terrace on the upthrown side of the fault (Fig. 4B , also see Fig. 3G ). The two terrace fragments have similar gradients but are offset, vertically, by 6.0 ± 0.1 m. The terrace on the downthrown side of the fault forms the surface of a delta (Fig. 1B) . It therefore appears, if our correlation of the terrace fragments to the north and south of the fault is correct, that the lower river terrace of the Molos River corresponds to a period of delta progradation into the Gulf of Evia.
The gradient of the present river is controlled by numerous small concrete dams that prevented us from obtaining a complete riverbed profi le. The dams have also caused sediment to aggrade behind them, causing the river profi le to consist of a series of short low-gradient sections separated by downward steps of several meters at each obstruction. One of the dams is sited close to the fault location and lowers the riverbed by several meters (Fig. 4B ). The riverbed is ~4 m below the terrace surface on the downthrown, northern, side of the fault. The original river gradient is approximated by drawing a straight line between the two short surveyed parts of the riverbed. This assumed river profi le is similar in gradient to those measured for the preserved terrace remnants (Fig. 4) .
Dating the Fluvial Terraces
Samples were collected for both OSL and radiocarbon dating. We sampled the lower Molos terrace at two sites (Fig. 2B ). Site 1 (38°47′15″N 22°41′01″E) is located immediately south of the Kamena Vourla fault and exposes ~2.5 m of laminated silts with occasional, isolated, small pebbles (Fig. 3B ). The laminated silts are overlain by ~1 m of coarse fl uvial gravels. The contact between silts and gravels is erosive in places, but shows interbedding in others, and indicates that there is no unconformity between the two units. Sediments below the sampled horizons contain calcretes. Two OSL samples were collected from the exposure (A at ~1.7 m below the surface and B at ~1.2 m).
A second sampling site (Sample Site 2; 38°46′28″N 22°40′51″E) is situated ~2 km south of the fault. At this site, an exposure of the lower terrace fi ll was found, which consisted of ~3 m of interbedded fl uvial gravels and silts (Figs. 3C and 3D) . Two OSL samples, along with gastropod shells (Discidae) and a fragment of charcoal, were taken from ~1.2 to 1.3 m below the lower terrace surface in a 1-m-thick silt and sand deposit.
The high terrace was sampled at one site (Sample Site 3, 38°46′35″N 22°40′51″E) where a thick (~1 m), laterally continuous, silt layer was exposed 4 m beneath the surface of the terrace (Figs. 3E and 3F). Three OSL samples were collected from the same layer across a depth range of ~50 cm. Gastropod shells were also collected from the silt layer (Viviparidae viviparus, Condrinidae).
OSL and Radiocarbon Dating Methods
Samples for optical dating were collected in opaque plastic tubing and stored in light-tight bags until processed. We took care to minimize exposure of the sediment to light during sampling. The chosen surface in the terrace wall was prepared by removing the outer surface and then a plastic tube was hammered into the cleaned surface until completely full. Duct tape was used to seal the ends, protecting the sample from light exposure and moisture loss. Finally the sample was wrapped tightly in several layers of opaque black plastic. At least two samples were obtained from each of three locations. All sample locations are shown in Figure 3 .
Sample preparation was conducted at the Oxford Luminescence Dating (OLD) laboratory under subdued red light. The fi rst 3 cm of sediment from the top and bottom of the plastic sample tubes were removed due to potential light exposure, and used to determine moisture content by weighing, drying at 40 °C in the laboratory, and reweighing. The remaining shielded sediment from the center of the tube was then used for equivalent dose (De) determination. In view of the silt-rich nature of the sediment, the 4-11 µm ("fi ne-grain") fraction was isolated for analysis by settling according to Stokes' law. The sample was treated with excess 35% hydrochloric acid until no further reaction was observed to remove the high concentration of carbonate, and then 37% hydrogen peroxide in order to remove organic matter. To remove feldspars, the samples were fi nally treated in 35% fl uorosilicic acid for two weeks; the long treatment time was selected to ensure that the dissolution of feldspars was complete. The fi ne-grained samples, assumed to be composed of isolated quartz, were then mounted on aluminum disks by evaporation from an acetone suspension.
Measurements were conducted on a Riso TL/OSL-DA-15 system (Botter-Jensen et al., 2000) . Initial tests (Duller, 2003) suggested a persistent feldspar contamination, which, albeit much reduced, was still present following a further two weeks in fl uorosilicic acid. Samples were thus analyzed using a post-IR blue OSL procedure (Banerjee et al., 2001 ) within the single-aliquot regenerative (SAR) protocol (Murray and Wintle, 2000) to minimize any malign effects of feldspar luminescence. The resultant luminescence signals were relatively dim yet generally yielded usable growth curves; the few aliquots that failed recycling or recuperation tests were rejected. Approximately ten disks were analyzed from each sample, and dose distributions from these are shown in Figure 5 .
The environmental dose rate was determined from ICP-MS/AES (inductively coupled plasma mass spectrometry/atomic emission spectrometry) of K, U, and Th concentrations at Royal Holloway University of London. Radioisotope concentrations were converted to dose rate using the conversion factors of Adamiec and Aitken (1998) and grain-size attenuation factors of Mejdahl (1979) . Cosmic dose rates, including variations due to depth of burial, altitude, and geomagnetic latitude, were calculated using the equation of Prescott and Hutton (1994) . Attenuation of radioactivity dose by interstitial water was corrected for using the absorption coeffi cient of Zimmerman (1971) . Estimating the long-term water content of the sediment is a signifi cant source of error in luminescence age determinations because of possible variations in pore water content since burial. It was assumed that present-day moisture content was representative of water contents throughout burial (percentage dry weight of sample) with a 5% error to refl ect uncertainty in estimation. The ages calculated from these measurements are shown in Table 1 .
Both the upper and lower terraces contained gastropods typical of freshwater faunas of the region (Kerney and Cameron, 1979; Davies, 1971) . To compliment the OSL dates, we C ages into calibrated dates was performed using the program of Stuiver and Reimer (1993) and with calibration data from Reimer et al. (2004) .
selected a single gastropod shell from each of the 20 m and 8 m terrace levels, as well as a small charcoal fragment found in the 8 m terrace, for radiocarbon analysis. The raw samples were cleaned and photographed for identifi cation before undergoing further pretreatments at the NERC Radiocarbon Laboratory to prepare the samples to graphite.
14 C concentrations were then measured at the SUERC (Scottish Universities Environmental Research Centre) AMS Facility (5 MV, National Electostatic Corporation). Results are reported as conventional radiocarbon yr B.P. (relative to AD 1950) and % modern 14 C, both expressed at the ±1 sigma level for overall analytical confi dence ( Table 2 ). The 14 C ages (yr B.P. ± 1 sigma) were converted into calibrated dates using the program of Stuiver and Reimer (1993) (http://www.calib.org/) and with calibration data from Reimer et al. (2004) .
Summary of Terrace Age Data
Comparison of the data in Tables 1 and 2 highlights considerable variation in the available age constraints, both among 14 C and OSL dates from the same locations, and between separate sampling sites. The large amount of variability in the age data precludes any fi rm conclusions being drawn from them on the age of the terraces. At Sampling Site 1, close to the Kamena Vourla fault (Fig. 2B) , OSL samples were obtained from depths of 1.7 m and 1.2 m within a single laminated silt body (Fig. 3B ) that yielded ages 100 ka apart (~40 and 140 ka, Table 1 ). Although the two ages are in the correct stratigraphic order, it is unlikely that both ages represent real deposition ages at this site, because this would imply only ~60 cm of deposition over a period of 100 ka.
At Sampling Site 2 (Figs. 3C and 3D) we collected two OSL samples from the lower terrace. These samples, which were taken from approximately the same level within the deposits, yielded consistent ages of 7.6 ± 0.9 ka and 7.6 ± 1.0 ka (Table 1) . Two 14 C ages, also from the same stratigraphic level, yielded ages of ~2 ka (3 B.C. to 128 A.D.) from analysis of a Discidae gastropod shell and ~0.5 ka (1397-1457 A.D.) from a charcoal fragment (Table 2 ). There is a clear mismatch between the OSL and 14 C ages. There is also somewhat of a mismatch between the two radiocarbon ages, although both place the deposition within the historical period.
A similar mismatch between OSL and 14 C ages is found for the upper terrace level (at Site 3, Tables 1 and 2 ). Three OSL ages are consistent with one another (20.0 ± 2.8 ka, 21.6 ± 2.4 ka, and 17.6 ± 5.7 ka). The single 14 C age, obtained from a viviparidae Viviparus gastropod shell, provides a much younger age of ~3.5 ka (1397-1457 B.C.; Table 2 ).
The implausible ages of 40 and 140 ka from two adjacent samples of the lower terrace at Site 1 preclude any fi rm conclusions being drawn from any of the OSL data. Although we have two near identical OSL ages of ~7.6 ka for the lower terrace at Site 2, and three samples from the higher terrace at Site 3 that show ages of ~20 ka, each of these could also be misleading and should be treated with caution. However, as we shall see in the section Palaeoenvironmental Constraints on Terrace Age, there are independent reasons from the palaeo-environmental record for the OSL age of ~7.6 ka to be roughly indicative of the deposition age of the lower terrace.
In all cases, the 14 C ages are younger, by a large factor, than the OSL ages for the equivalent sites. The 14 C ages should, however, also be treated with a high degree of caution due to the very small sample set and the discrepancies in age within this set ( Table 2 ). The depositional environment of the river terraces is rich in carbonate and the gastropod shells may have formed out of equilibrium with atmospheric 14 C (e.g., Goodfriend and Stipp, 1983; Goodfriend and Hood, 1983) . It is unclear, however, why the dates would be skewed toward younger, rather than older, apparent ages. The discrepancy may in fact be due to the gastropod shells and charcoal used for 14 C dating having become incorporated into the terrace fi ll after deposition such that they provide anomalously young ages. With the small number of radiocarbon dates available it is diffi cult to fully assess the reliability of the ages.
Palaeoenvironmental Constraints on Terrace Age
The available quantitative age data are too scattered to be of use in forming conclusions on the deposition age of the two river terraces. However, the location and distribution of the lower terrace hold clues to its likely age.
Prior to stabilizing at its present-day level at ~6 ka, the water level in the Gulf of Evia was several tens of meters lower than today, and the river systems draining into it would thus grade to a lower baselevel. We would, therefore, not expect fl uvial terraces formed prior to 6 ka to be preserved, as they would now have been buried due to aggradation in the river system as sea level rose. The lower terrace extends northwards to the Kamena Vourla fault, it is therefore not a localized feature formed in response to a blockage within the river catchment, and it is highly probable that it connected with the delta surface-which has the same gradient though it is now displaced vertically by 6 m-in the immediate hanging-wall of the fault. The surface of the delta refl ects stabilization of the sea surface at its present-day maximum and subsequent northwards progradation of the delta into the Gulf of Evia. The lower terrace is then likely to represent aggradation within the river catchment synchronous to progradation of the delta at ~6 ka. This argument, based on the changes in sea level during and after the last glacial period and the likely consequences these changes would have on the hydrology of rivers draining into the Gulf, is the most probable scenario given the absence of robust dating results.
The two near identical OSL ages of ~7.5 ka at Site 2 are consistent with the above scenario and, although caution should be applied in interpretation of the dating results, may be indicative of the real deposition age of the lower terrace. Continuing with this reasoning, if the three similar OSL ages of ~20 ka from the upper terrace at Site 3 also represent the real deposition age, it suggests that the upper terrace formationwhich is more accurately a series of small alluvial fans originating from small tributariesoccurred at or near the last glacial maximum. At this time, a minimum is recorded in the arboreal/nonarboreal pollen ratio from three separate lake cores in Greece, which is interpreted as refl ecting a collapse in the population of temperate trees (e.g., Tzedakis et al., 2004) . In turn, this change in vegetation could have destabilized hill slopes, leading to increased sediment supply to the Molos river channel. The rapid recovery of the temperate forest during the last deglaciation (e.g., Okuda et al., 2001 ) could have terminated this period of aggradation.
We note, however, that a sequence of fan deposition, incision, and delta progradation all taking place during the last ~3.5 ka, as suggested by the scarce radiocarbon data, is also quite possible. For instance, the Sperchios delta ( Fig. 1) has prograded ~10 km into the northern Gulf of Evia since 480 B.C. (Kraft et al., 1987; Eliet and Gawthorpe, 1995) showing that relatively large amounts of sedimentation could have occurred over rather short time scales. We cannot, however, tie the radiocarbon ages to particular climatic events in the past 3.5 ka.
Estimate of the Rates of Slip and Extension across the Kamena Vourla Fault
We correlate the lower river terrace (on the southern, upthrown, side of the fault) with the surface of a delta on the northern, downthrown, side of the fault (see section The Fluvial Terraces at Molos). In the absence of defi nitive age constraints on the lower terrace we assume that it formed at ~6 ka when sea level stabilized at its present-day maximum (see section Dating the Fluvial Terraces). The terrace is offset vertically by 6 m across the fault (Fig. 4) ; the vertical component of displacement across the Kamena Vourla fault is therefore estimated to be ~1 mm/yr.
We now compare our estimate of vertical displacement rate with the extension rates measured by GPS across the Locris half-graben and the Gulf of Evia; those rates are not well resolved, but are probably no higher than 1-3 mm/yr (Clarke et al., 1998) . We place bounds on the horizontal extension across the fault by assuming a fault dip of 30°-60°, which is the typical range observed for seismogenic normal faults (Jackson and White, 1989) . A dip range of 30°-60° gives a rate of extension across the fault of 0.6-1.7 mm/yr. The estimated rate of extension across the Kamena Vourla fault lies within the range of extension rates (1-3 mm/yr) for the region surrounding the northern Gulf of Evia measured by GPS.
SLIP RATE ON THE ATALANTI AND ARKITSA FAULT SEGMENTS
We now discuss our estimate of the slip rate for the Kamena Vourla fault in the wider setting of the northern Gulf of Evia. The Kamena Vourla fault continues eastwards for ~30 km, where it terminates at the western end of the Arkitsa fault (Fig. 1B) . The next major fault to the east is the Atalanti fault, beginning at a longitude of ~23°E (Fig. 1B) , and 10 km to the south of the Arkitsa fault.
The Late Cenozoic slip rate of the Atalanti fault was estimated at 0.1-0.5 mm/yr by Pantosti et al. (2001) based on an assumed 130-35 ka age of a terrace displaced vertically by 10-19 m across the fault. Palaeoseismic trenching across the Atalanti fault (Pantosti et al., 2004) , with age control provided by radiocarbon and archaeological dating, suggests a repeat time of 660-1120 yr between earthquakes, with evidence for three events: one between 50 B.C. and A.D. 230, a second between A.D. 770 and 1160, and the historical 1894 earthquakes. The results from palaeoseismology indicate an average slip rate of 0.4-1.6 mm/yr on the fault: consistent with its accommodating a large proportion of the 1-3 mm/yr of present-day extension across the region. The Atalanti fault is, therefore, usually considered to be an eastward continuation of the coastal fault system that has stepped southwards from the Arkitsa segment (e.g., Pantosti et al., 2001; Goldsworthy and Jackson, 2001; Fig. 1b) . These estimates of slip rate on the Atalanti fault are consistent with our assumed estimate of ~1-2 mm/yr for the Kamena Vourla fault, and suggest that the Atalanti fault forms part of the most active, frontal, faults of the region, despite lying directly along strike from the Kallidromon fault, which is known to be slipping much less rapidly than the frontal faults (e.g., Jackson, 1999) .
The only other quantitative estimate of slip rate of the Coastal Fault System comes from the eastern end of the Arkitsa segment near the village of Kynos (Fig. 1B) , where there are abundant indications of coastal uplift including a coastal notch at ~1.4 m above present sea level (Pirazzoli et al., 1999) , marine terraces, and raised beaches (Dewez, 2003; Goldsworthy and Jackson, 2001) . Radiocarbon dating of Lithophaga shells preserved below the ~1.4 m coastal notch at Kynos by Pirazzoli et al. (1999) yielded ages that were a maximum of ~2.7-3.4 ka (800-1410 B.C.) at 0.5 m above sea level and which decreased upwards, to ~1.7-2.3 ka (210 A.D.-360 B.C) at 1.4 m elevation. Two new radiocarbon ages (presented in Table 2 ), for Lithophaga shells from ~1.2 m above sea level, yield calibrated ages of ~3.6-3.7 ka (1662-1821 B.C.) and 2.1-3.7 ka (190-1758 B.C.) These ages are older than, but are from a level between, the elevations sampled by Pirazzoli et al. (1999) .
The notch at ~1.4 m is likely to represent, as has been measured in several other parts of Greece (e.g., Pirazzoli et al., 2004) , uplift of the coast relative to sea level since it stabilized at ~6 ka. The Lithophaga extracted from levels below the notch represent emergence of these levels and the ages are hence younger than 6 ka. Using the assumption of a 6 ka age for the coastal notch, Goldsworthy and Jackson (2001) obtained an estimate of ~0.2 mm/yr for the rate of uplift relative to sea level at Kynos. The range of uplift rates can be converted into rates of total vertical displacement by assuming a long-term uplift-to-subsidence ratio of between 1:2 and 1:4 (e.g., Stein and Barrientos, 1985) . Goldsworthy and Jackson's (2001) estimate translates to a slip rate of 0.7-1.2 mm/yr for a fault dipping at 60°, as measured from exposures of the Arkitsa fault plane (Jackson and McKenzie, 1999) , or 1.2-2.0 mm/yr if the fault dips at 30°.
Interpretation of the uplift rate at Kynos in terms of a slip rate on the Arkitsa fault is complicated by the location of the site at the eastern tip of the fault segment: whether a slip-rate estimate from the tip of a fault segment is likely to be representative of the average rate of slip along the length of that segment is debatable, and the Holocene slip rate on the Arkitsa fault segment is far from resolved. But given that the uplifted coastal notches at Kynos are likely to date from a maximum of ~6 ka, a tentative minimum estimate of slip rate of 0.7-2.0 mm/yr can be estimated, at this one site, for a fault dip in the range 30°-60°.
DICUSSION AND CONCLUSIONS
Displacement of the lower of the two river terraces described in the section Slip Rate on the Kamena Vourla Fault, combined with an assumption that the terrace dates from ~6 ka, indicates that the Kamena Vourla normal fault slips at a rate of ~1.2-2.0 mm/yr and accommodates ~0.6-1.7 mm/yr of extension. An estimate of slip rate on the Atalanti fault segment suggests a similar slip rate of 0.4-1.6 mm/yr (Pantosti et al., 2004) . The slip rate of the Arkitsa fault is the least well-constrained of the three segments, and is complicated by the location of the only study site at the tip of the fault segment, but if the uplifted coastal notches at Kynos are assumed to have formed at ~6 ka the corresponding slip rate is 0.7-2.0 mm/yr.
The simplest interpretation of these data is that the Kamena Vourla, Arkitsa, and Atalanti faults are the dominant active faults on the south coast of the northern Gulf of Evia, and that they are all slipping at a similar rate of ~1-2 mm/yr. We are not aware of any estimates of slip rate on the Lamia fault, to the west of Kamena Vourla and close to the conurbation of Lamia (Fig. 1) , but as it forms the western segment of the Coastal Fault System, and is morphologically similar to the eastern segments, we might expect a similar slip rate on that fault as well.
The range of slip-rate estimates is at the lower end, though of the same order, as the 1-3 mm/yr of present-day extension suggested by GPS and suggests that the Gulf of Evia region is not subject to large temporal variations in extension rate over Holocene time scales. However, our study shows the need for an improved geodetic estimate of the extension rate across this region. The total extension rate at the present day is ~1-3 mm/yr. If the true fi gure is only ~1 mm/yr, then it seems likely that the segments of the Coastal Fault System are the major active faults of the region. If, however, the geodetic rate is closer to 3 mm/yr, it suggests that other faults in the Gulf of Evia region, in particular those that are inferred to bound the northern coast of the Gulf (Fig. 1) , pose a comparable hazard.
